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Ploidy levelThe present studywas conducted to assess in vitro antifungal activity of diploid andmixoploid Trigonella foenum-
graecum L. aqueous extracts, harvested at three developmental stages (vegetative,ﬂowering and fruiting) against
Fusarium oxysporum f. sp. radicis-lycopersici (FORL) and Fusarium oxysporum f. sp. lycopersici (FOL). All tested ex-
tracts inhibited FORL and FOLmycelial growth. The aqueous extracts of diploid plantswere shown to be less toxic
than mixoploid ones. FORL seemed to be more sensitive to fenugreek extracts compared to FOL and this toxicity
varied with the plant developmental stages. The mixoploids were most toxic against the two pathogens at the
ﬂowering stage. Diploidsweremore toxic at vegetative stage for FOL and atﬂowering one for FORL. The total phe-
nolics, ﬂavonoids, ﬂavonols and ﬂavones, alkaloids and proanthocyanidins contents in the aqueous extractswere
higher in vegetative stage in comparison with the two others. Knowing the plant development stage that gives
the richest material would counteract the difﬁculties of the allelochemical production in very small quantities.
Moreover, it seems that mixoploidy induction is an effective tool, to increase the secondary metabolite produc-
tion, since extract toxicity of diploid and mixoploid plants was different.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Fusarium species cause a huge range of diseases on an extraordinary
range of host plants. The fungus can be soilborne, airborne or carried in
plant residue and can be recovered from any part of the plant from the
deepest root to the highest ﬂower (Summeral et al., 2003). For example,
Fusariumwilt of tomato (Lycopersicon esculentum) caused by Fusarium
oxysporum f. sp. lycopersici is a disease that causes serious economic
losses (Agrios, 2005).With the increasing concerns of pesticide residues
in agricultural products and environment as well as the incidence of re-
sistance in plant pathogens against chemical pesticides, the use of non-
chemical methods including natural metabolites have assumed greater
signiﬁcance (Sarpeleh et al., 2009).Many plants and their products have
been reported to possess pest control properties. These are good alter-
natives to chemical pesticides, as they are readily biodegradable in na-
ture. However, these molecules, are in most cases produced in very
small quantities. Furthermore, it is reported that thepolyploidy is an im-
portant evolutionary factor for genesis of new plant species as well as
creation of cultivated plant species. Due to this fact, it is possible thatof Chott-Mariem, BP 47, Chott-
+216 73327591.
ghts reserved.polyploidywould allow developing such plant forms,whichwould con-
tain higher amounts of biologically active compounds, comparing to
their initial diploid forms (Audrius et al., 2010). The polyploidization
can result in greater secondary metabolite production and yield
(Predieri, 2001; Urwin et al., 2007) and overcoming barriers to hybrid-
ization, no seed or fewer seed, enhancing pest resistance and stress tol-
erance (Predieri, 2001). Changes in the chemical composition of
polyploids may lead to changes in interactions with other members of
the biotic community, such as insect herbivores, pollinators or soil or-
ganisms and, hence, might have pronounced effects on their success
(te-Beest et al., 2011).
Trigonella foenum-graecum is a diploid plant with 2n = 2x = 16
(Ahmad et al., 2000) not exhibiting aneuploid forms (Petropoulos,
2002). Polyploidy/mixoploidy induction for this plant was carried out
by application of colchicine solution to assess the impact of this induc-
tion on the morphological, anatomical and chemical properties of fenu-
greek (Marzougui et al., 2009, 2010; Omezzine et al., 2012). Some
studies have indicated that fenugreek is rich in active compounds
such as phenolic acids and their derivatives, ﬂavonoids and ﬂavonol
glucosides (Han et al., 2001; Petropoulos, 2002; Belguith et al., 2013).
The biological activity of this species is employed mainly in human
medicine (Devasena and Menon, 2003; Suboh et al., 2004). In addition,
it was reported that this species exhibited a strong insecticidal activity
against Tribolium castaneum and Acanthoscelides obtectus (Pemonge
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Meloidogyne javanica (Zia et al., 2001), antifungal activity against
some phytopathogenic fungi (Haouala et al., 2008b) and a strong allelo-
pathic potential (Haouala et al., 2008a; Azizi et al., 2011).
The aim of the present study is to evaluate the effect of mixoploidy
and the developmental stages (vegetative, ﬂowering and fruiting) on
the secondary metabolite production and the antifungal activity of
aqueous extracts of T. foenum graecum L. aerial parts. Antifungal activity
was assessed in vitro against two phytopathogenic fungi: Fusarium
oxysporum f. sp. radicis-lycopersici (FORL) and F. oxysporum f. sp.
lycopersici (FOL) infecting tomato. The total content of polyphenols, ﬂa-
vonoids, ﬂavonols and ﬂavones, alkaloid and condensed tannin, was de-
termined by spectrophotometric method.
2. Materials and methods
2.1. Plant material and mixoploidy induction
The mixoploid plants of T. foenum-graecumwere obtained following
seed treatment with 0.05% colchicine solution, according to themethod
of Omezzine et al. (2012). Fenugreek treated and untreated seeds were
sown in the ﬁeld under natural conditions in March 2011. The
mixoploidy conﬁrmation was done by ﬂow cytometry and stomata
and pollen grain size (Omezzine et al., 2012). Aerial parts of diploid
(plant from untreated seeds) and mixoploid (plant from colchicine
treated seeds) plants were harvested at vegetative (plants with 8
leaves), ﬂowering (50% of ﬂowers open) and fruiting stages (50% of
the pods have reached a typical length). Fresh plants were washed out
under tap water, then oven-dried at 60 °C for 72 h, powdered and
used for extraction.
2.2. Fungal agents
Pure culture of two formae speciales of Fusarium oxysporum namely
F. oxysporum f. sp. lycopersici (FOL) and F. oxysporum f. sp. radicis-
lycopersici (FORL) infecting tomato were obtained from the Laboratory
of Plant Pathology of the Regional Center of Research on Horticulture
and Organic Agriculture, Chott-Mariem, Tunisia. The isolates were ob-
tained from the diseased samples on Potato Dextrose Agar (PDA), puri-
ﬁed and maintained at 4 °C until use.
2.3. Extraction
Aqueous extracts were prepared by soaking 15 g of each of the dried
materials in 100ml of sterilized distilled water for 24 h. The extract was
ﬁltered through a double layered muslin cloth followed by Whatman
No. 1 ﬁlter paper and then passed through 0.22 μm micro-ﬁlter pore
size to remove bacteria.
2.4. Phytochemical screening
2.4.1. Total phenolic (TP) content
The TP was measured by using the modiﬁed Folin–Ciocalteau
method (Velioglu et al., 1998). Sample extract (100 μl) was mixed
with 500 μl of 1/10 diluted (in Milli-Q water) Folin–Ciocalteau phe-
nol reagent and allowed to react for 5 min in the dark at room tem-
perature. Then 400 μl of sodium bicarbonate (7.5%) were added to
the mixture. After 90 min of incubation in the dark at 30 °C, the ab-
sorbance was read at 765 nm. TP was expressed as mg gallic acid
equivalent/g dry matter (mg GAE/g dw) using gallic acid calibration
curve (R2 = 0.985).
2.4.2. Total ﬂavonoid (TFd) content
The TFd content was determined spectrophotometrically according
to the standard method (Quettier et al., 2000). Brieﬂy, 0.5 mL of 2% so-
lution of AlCl3 in methanol wasmixed with the same volume of extract.Absorption readings at 430 nmwere taken after 30min against a blank.
TFd content was expressed as mg quercetine equivalent/g dry weight
(mg QE/g dw) by using quercetine calibration curve (R2 = 0.984).
2.4.3. Total ﬂavonol and ﬂavone (TFl) content
The TFl content was determined by using the method of Kumaran
and Karunakaran (2007). To 2 mL of sample, 2 mL of 2% AlCl3 methanol
and 3mL (50 g/L) sodium acetate solutionswere added. The absorption
at 440 nm was read after 2.5 h of incubation at 20 °C. TFl content was
expressed as mg quercetine equivalent/g dry weight (mg QE/g dw) by
using quercetine calibration curve (R2 = 0.999).
2.4.4. Total precipitable alkaloid (TA) content
The TA content was determined by spectrophotometric method
with Dragendorff reagent (Stumpf, 1984). Principally, 300 μl of plant ex-
tract were mixed with 100 μl of Dragendorff reagent. After centrifuga-
tion at 7000 g for 1 min, the supernatant was removed and dissolved
in 1 mL of 2.45 M NaI. An aliquot of 10 μl of each tube was added to
1 mL of 0.49 M NaI, after which the absorbance was read at 467 nm.
TA content was expressed as mg papaverine hydrochloride equiva-
lent/g dry weight (mg PAHE/g dw) using papaverine hydrochloride cal-
ibration curve (R2 = 0.990).
2.4.5. Total proanthocyanidin (TPA) (condensed tannins) content
The TPA content determination was based on the procedure re-
ported by Sun et al. (1998). A volume of 0.5 mL of extract was
mixed with 3 mL of 4% vanillin–methanol (w/v) and 1.5 mL hydro-
chloric acid. The mixture was allowed to stand for 15 min, and then
the absorbance was measured at 500 nm. TPA content was expressed
as mg catechin equivalent/g dry weight (mg CE/g dw) using catechin
calibration curve (R2 = 0.993).
2.5. Antifungal activity assay
The antifungal activity against the test pathogens was determined
according to the poisoned food technique of Grover and Moore
(1962). PDA medium was prepared and autoclaved at 130 °C for
25 min. Appropriate quantities of aqueous extracts (3, 6, 10 and
15 mL) were added to this medium (40 mL), cooled to 45 to 50 °C,
to get 2, 4, 6 and 8% (w/v) concentrations of each aqueous extract.
The control medium received the same quantity (3, 6, 10 and 15
mL) of sterile distilled water (Rinez et al., 2012). After solidiﬁcation,
mycelial plugs of 5 mm diameter were taken with a pre-sterilized
cork borer from 6 days old culture of test fungus and were placed
in each Petri plate. Each treatment was replicated thrice. Plates
were incubated in an incubator at 25 ± 1 °C for 5–7 days.
Fungal growth was measured by averaging the three diameters
taken at right angles for each colony. Percentage growth inhibition (%)
of fungal colonies was calculated according to the following formula
(Jabeen and Javaid, 2008):
Growth=inhibition %ð Þ
¼ Growthin control‐Growth in treatmentð Þ=Growth in control½   100
2.6. Inhibition index (I)
The in vitro effects of T. foenum-graecum diploid andmixoploid aque-
ous extracts on the two phytopathogenic fungi, FORL and FOL, were
assessed by the whole-range assessment method. Inhibition index was
calculated by Eq. (1) used by Liu et al. (2007)where concentrations test-
ed ranged from 0 to Dn, Dc was the threshold dose at which response
equaled the value of control and above which the responses were inhib-
itory, R(0)was the response at 0 extract concentration (control) and f(D)
represented the response function. The inhibition of mycelial growth
areas across the whole range of T. foenum-graecum aqueous extract
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lated separately for each replicate by using the WESIA (Whole-range
Evaluation of the Strength of Inhibition in Allelopathic-bioassay) soft-
ware (Liu et al., 2007).
I ¼
ZDn
Dc
R 0ð Þ− f Dð Þ½ dD
ZDn
0
R 0ð ÞdD
¼ 1− Dc
Dn
þ 1
R 0ð ÞDn
ZDn
Dc
f Dð ÞdD
2
64
3
75 ð1Þ
2.7. Statistical analysis
All data were reported as mean ± standard deviation (S.D.) of three
replicates and analyzed by using the program PASW Statistics 18.
Differences between the means were established by using the general
linear model (GLM) procedure (P b 0.05) related to the four variables:
extraction type, concentration, fungi tested and developmental stage.
Differences at the 5% level (P b 0.05) were considered statistically sig-
niﬁcant. The inhibition of mycelial growth areas across the whole
range of aqueous concentrations and the corresponding Inhibition indi-
ces (I) were calculated separately for each extract replicate by using the
WESIA (Whole-range Evaluation of the Strength of Inhibition in
Allelopathic-bioassay) software.
3. Results
3.1. Phytochemical screening
The total phenolic (TP), ﬂavonoid (TFd), ﬂavonol and ﬂavone (TFl),
precipitable alkaloid (TA) and proanthocyanidin (TPA) contents in
aqueous extracts of diploid and mixoploid T. foenum-graecum aerial
parts varied signiﬁcantly (P b 0.05) with the developmental stage and
ploidy level (Table 1). Concerning the effect of developmental stages,
the phytochemical content of aqueous extracts decreased signiﬁcantly
between the vegetative and the two other stages, in diploid plant
growth. Thus, the vegetative stage contained the highest amounts in
TP, TFd, TFl and TA, followed by the ﬂowering and fruiting stages, re-
spectively. Yet, the TPA contents have the highest amounts at the
ﬂowering stage. Overall, the values varied from 47.75 to 57.29 mg
GAE/g dw, 9.59 to 15.98 mg QE/g dw, 1.56 to 2.54 mg QE/g dw, 3.41
to 5.25 mg CE/g dw and 4.07 to 4.26 mg PAHE/g dw for TP, TFd, TFl,
TPA and TA, respectively (Table 1). Similarly, for mixoploid plants, the
secondary metabolite amounts have varied signiﬁcantly with develop-
mental stage. For TP, TFd, TFl and TPA, the highest contentswere record-
ed at the vegetative stage. However, the fruiting stage contained the
highest amounts in TA. The values varied from 44.2 to 50.64 mg GAE/g
dw, 8.19 to 17.89 mg QE/g dw, 1.35 to 2.83 mg QE/g dw, 2.57 to 5.43
mg CE/g dw and 4.5 to 5.36 mg PAHE/g dw for TP, TFd, TFl, TPA and
TA, respectively (Table 1).Table 1
Total phenolic (TP), total ﬂavonoid (TFd), total ﬂavonol and ﬂavone (TFl), total precipitable a
extracts of diploid and mixoploid Trigonella foenum-graecum aerial parts harvested at vegetativ
Developmental Vegetative Flow
Stage/ploidy leval
Allelochemical detected Diploid Mixoploid Diplo
TP (mg GAE/g dw) 57.29b ± 2.60 50.64a ± 5.41 50.90
TFd (mg QE/g dw) 15.98b ± 0.50 17.89c ± 0.98 10.88
TFl (mg QE/g dw) 2.54b ± 0.07 2.83c ± 0.15 1.76
TA (mg PAHE/g dw) 4.26a± 0.91 4.50a ± 0.51 4.25
TPA (mg CE/g dw) 4.35a ± 0.55 5.43a ± 0.39 5.25
All analyses are the mean of triplicate measurements ± standard deviation. Means followed bAs regards the effect of colchicine on the phytochemical composi-
tion, the results showed a quantitative variation between diploid and
mixoploid plants. In fact, at the vegetative stage, the highest amounts
of secondary metabolites were detected in the aqueous extracts of
mixoploid plants, except for TP in which the content was 57.9 mg
GAE/g dw for diploid plants against 50.64 mg GAE/g dw for mixoploid
ones. At the ﬂowering and fruiting stages, the highest amounts of TP,
TFd, TFl and TPAwere registered for diploid plants, except for TA quan-
tities in which were, respectively at ﬂowering and fruiting stages, 4.54
and 5.36 mg PAHE/g dw for mixoploids against 4.25 and 4.07 mg
PAHE/g dw for diploids (Table 1).
3.2. Effect of T. foenum-graecum aqueous extracts on mycelial growth
The results presented in Fig. 1 revealed an important antifungal ac-
tivity exhibited by diploid and mixoploid aqueous extracts for the
three development stages and for all the tested concentrations (2, 4, 6
and 8%) against F. oxysporum f. sp. radicis-lycopersici (FORL) and
F. oxysporum f. sp. lycopersici (FOL). The results showed a strong inhibi-
tion of mycelial growth and the fungal response to the tested extracts
seems to be different depending on the developmental stage and the
ploidy level of T. foenum-graecum. Generally, the aqueous extracts of
mixoploid plants were found to be more toxic than the diploids and
FORL was found to be more sensitive when compared to FOL (Fig. 1).
In fact, FOL was mostly inhibited by the extract of mixoploid than dip-
loid plants and the plant material harvested at the vegetative stage
was the most toxic. The mycelial growth inhibition of FOL ranged be-
tween 28 and 100%, 35 and 74% and 32 and 72% with the aqueous ex-
tracts of mixoploid plants harvested at the vegetative, ﬂowering and
fruiting stages, respectively, compared to 0 and 77%, 4 and 63% and 9
and 53% recorded in presence of diploid extracts. FORL growth was
completely inhibited (100%) by all mixoploid fenugreek aqueous ex-
tracts at 8%. For the extracts from the ﬂowering and fruiting stages of
mixoploids, the average reduction in radial growth ranged between
50 and 62%, respectively. However, for diploid extracts, the highest an-
tifungal activity was recorded in plants harvested at the vegetative and
ﬂowering stages with an average growth reduction of 66 and 61%, re-
spectively. As well, the total inhibition was recorded at both stages at
the highest concentration (Fig. 1).
3.3. T. foenum-graecum phytotoxicity assessed by Inhibition index (I)
The previous experimental results revealed that the inhibition of
mycelial growth of both pathogens tested was higher with the aqueous
extracts of T. foenum-graecummixoploid aerial parts than those of dip-
loids. Data re-analyzed by using the inhibition index, calculated by
WESIA, revealed not only the trend in terms of inhibition strength,
but also affected the details of the grouping and ranking order, i.e.
this analysis allowed to group and to identify the most toxic extracts
(or the developmental stages producing the most toxic compounds).
Furthermore, the whole-range assessment can display a visuallkaloid (TA) and total proanthocyanidin (TPA) (condensed tannins) contents in aqueous
e, ﬂowering and fruiting stages.
ering Fruiting
id Mixoploid Diploid Mixoploid
a ± 3.87 44.22a ± 1.41 47.75a ± 0.53 45.34a ± 3.47
a ± 0.10 10.14b ± 1.34 9.59a ± 0.59 8.19a ± 0.23
a ± 0.15 1.64b ± 0.2 1.56a ± 0.09 1.35a ± 0.03
a ± 0.37 4.54a ± 0.31 4.07a ± 0.76 5.36a ± 0.62
b ± 0.48 3.7ab ± 1.82 3.41a ± 0.37 2.57a ± 0.18
y the same letter are not signiﬁcantly different at P b 0.05.
Table 2
Toxicity of aqueous extracts of Trigonella foenum-graecum aerial parts of diploid and
mixoploid plants harvested at vegetative, ﬂowering and fruiting stages on phytopathogenic
fungi: Fusarium oxysporum f. sp. radicis-lycopersici (FORL) and Fusarium oxysporum f. sp.
lycopersici (FOL) assessed by Inhibition index (I) estimated withWESIA (Whole-range Eval-
uation of the Strength of Inhibition in Allelopathic-bioassay).
Phytopathogenic fungi Development stage Inhibition index (I) Toxicity
FOL
Vegetative 38.46
More toxic (+)
Less toxic (-)
Flowering 22.09
Fruiting 18.55
FORL
Flowering 46.93
Vegetative 40.96
Fruiting 29.22
FOL
Flowering 26
Vegetative 25.95
Fruiting 14.70
FORL
Flowering 36.08
Fruiting 26.18
Vegetative 23.67
D
ip
lo
id
M
ix
op
lo
id
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analysis cannot provide any context concerning this aspect (Table 2).
The results shown in Table 2 indicate that the mycelial growth of
FORL was more inhibited by the extracts tested than FOL. Furthermore,
for FORL, the extract of plant material harvested at the ﬂowering stage
of diploids was the most toxic (I = 46.93%) followed by the extracts of
mixoploid plants harvested at the ﬂowering stage (I = 36.08%) then
those of diploid plants harvested at the vegetative stage (I = 40.96%).
However, mycelial growth of FOL was negatively affected by extracts of
diploid plants harvested at the vegetative stage (I = 38.46%) followed
by the extracts ofmixoploids harvested at the ﬂowering stage (I= 26%).
4. Discussion
This study was conducted to identify the most productive develop-
mental stage and to ﬁnd a way to improve the production of
allelochemicals by T. foenum-graecum. This was conducted through
the evaluation of the effect of developmental stages (vegetative,
ﬂowering and fruiting) and ploidy level on the secondary metabolite
content of fenugreek aerial parts and on their antifungal activity. The re-
sults showed that fenugreek aerial parts are rich in phenols, alkaloids,
ﬂavonoids and tannins; and they possess high antifungal activities.
We recorded a high variability in the content of the investigated bi-
ologically active compounds with the stage of development of
T. foenum-graecum and its ploidy level. The quantity of secondary me-
tabolites found in the aqueous extracts decreased with the increase of
plant growth. In fact, phytochemical analysis of diploid aqueous extracts
showed that aerial parts were richer in TP, TFd, TFl and TA at the vege-
tative stage. TPAwas the only component that showed a higher content
in the plant material harvested at the ﬂowering stage compared to the
two other stages (signiﬁcant difference) (Table 1). According to James
(1950) accumulation of secondary metabolites depends on the season
and developmental stage of the plant. As well, for the mixoploid aque-
ous extracts, the TP, TFd and TPA content reached the highest level at
the vegetative stage. However, the fruiting stage contained the maxi-
mum amounts in TA. The variation of phenolic concentration during
the growth of fenugreek shows the inﬂuence of the developmentalFig. 1. Growth inhibition of Fusarium oxysporum f. sp. radicis-lycopersici (FORL) and Fusarium ox
foenum-graecum aerial parts of diploid andmixoploid plants harvested at vegetative,ﬂowering a
standard error. Value (N = 3 ± S.E.). Different letters on columns indicate signiﬁcant differencstage on metabolite production. These ﬁndings corroborate with those
of Ishikura (1976) where the total phenols in Rhus, Euonymus and
Acer leaves increased rapidly at the early growth stages but thereafter
the contentwas kept rather constant. Verma andKasera (2007) indicat-
ed that the peak concentration of phenolswas observed in theﬂowering
stage for Boerhavia diffusa and Sida cordifolia however for Asparagus
racemosus the maximal accumulation of phenols was recorded at the
vegetative stage. As regards the effect of colchicine on the secondary
metabolite production, the results showed a low quantitative variation
between diploid and mixoploid plants. Hence, at the vegetative stage,
the mixoploids were more productive for all groups of compounds
except for TP content, at the two other stages; the mixoplody has
improved TA content, though for the other compounds diploid plants
were more productive. According to te-Beest et al. (2011),
polyploidization can change the quality and quantity of secondary me-
tabolites. For example, the genomicmultiplicationmay confer increased
production and/or quality improvement of the biochemical proﬁle of
secondary metabolites. Dhawan and Lavania (1996) showed thatysporum f. sp. lycopersici (FOL) induced by aqueous extracts (at 2, 4, 6 and 8%) of Trigonella
nd fruiting stages, recorded5 days after incubation at 25 °C. The bars on each column show
es among concentrations at P b 0.05.
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Atropa, Camellia,Hyocyamus and Solanum, have sharply increased quan-
tities of useful secondary metabolites per unit dry weight whereas the
species such as Datura and Mentha have a decreased production of
these compounds.
The toxicity of T. foenum-graecum aerial part extracts has changed
according to the developmental stage and ploidy level. The aqueous ex-
tracts of diploid and mixoploid fenugreek, at a given concentration and
a given development stage, inhibited the growth of the tested patho-
gens. Similarly, Haouala et al. (2008b) reported that all aqueous extracts
of different fenugreek plant parts showed antifungal potential and the
magnitude of their inhibitory effects was species dependent and varied
among plant parts. Screening indicated that Fusarium graminearum,
Alternaria sp. and Rhizoctonia solani were the most sensitive species,
and exhibited similar response with a total inhibition of 63.5%
(Haouala et al., 2008b). In the present study, FORL was found to be
more sensitive than FOL and fenugreek extract toxicitywasmuch stron-
ger with the increase of the concentration used. Akinpelu (1999) re-
ported the water-soluble antifungal principles in the plants as being
responsible for the antifungal activity; also, Olufolaji (1999) used the
aqueous plant extracts in the control of wet rot of Amaranthus sp.
caused by Choanephora cocurbitarum. For the diploid plants, the aque-
ous extracts obtained at the vegetative stage was shown to be more
toxic (I = 38.46%) against FOL followed by that obtained at the
ﬂowering (I= 22.09%) then at fruiting (I= 18.55%) stages. The highest
toxicity recorded at the vegetative stage could be attributed to TP, TFd
and TFl contents. FORL was found to be more sensitive to diploid fenu-
greek harvested at the ﬂowering stage (I = 46.93%). Thus, mycelial
growth of FOL and FORL was not affected by the same extracts. This
could be attributed to the mode of action of molecules included in the
extracts or in the composition of compound group that varied, quantita-
tively and qualitatively, with the developmental stage of plants. The
variation recorded in the fungitoxic activity of the tested extracts
could be related to the solubility of the active compound(s) in water
or the presence of inhibitors to the fungitoxic principle as noted by
Amadioha (2001) and Okigbo and Ogbonnaya (2006). Tohamy et al.
(2002) reported that younger cucumber plants reacted better to soil-
borne disease control than those treated with garlic extract at a later
stage of development.
In our study, this difference in toxicity should be explained by a
change in the qualitative composition of extracts (mixoploid or diploid
plant material harvested at the three developmental stages) since the
differences in the amounts of compounds groups detected are not too
marked. In fact, aqueous extracts from mixoploids were more toxic to
both fungi when the plant material was harvested at ﬂowering stage.
This extract, used at 8%, had inhibited by 100% and 72% the radial
growth of FORL and FOL, respectively. Otherwise, although the amount
of chemical compounds group is important at a given phenological
stage, the toxicity may be low probably due to a lack of the active mol-
ecule of the same group and vice versa.
5. Conclusion
In conclusion, the aqueous extracts of fenugreek showed the anti-
fungal activities against phytopathogenic fungi in vitro and have the po-
tential to be used as antifungal agents for the control of FORL and FOL on
tomato plants. In addition, our results showed that the aqueous extracts
of diploid plants were shown to be more toxic than those of the
mixoploid ones. FORL was more sensitive to fenugreek extracts com-
pared to FOL and this toxicity varied with the plant developmental
stages. Themixoploidsweremost toxic against the two phytopathogens
when they harvested at theﬂowering stage. Diploidsweremore toxic at
the vegetative stage for FOL and at the ﬂowering one for FORL. The high
fungi-toxic properties recorded could be attributed to the phytochemi-
cal content in the aqueous extract. Finally, our study found that it would
be advisable to identify the most productive developmental stage ofallelochemicals to operatewith themaximumefﬁciency, the allelopath-
ic potential of a given plant. Similarly, it seems that polyploidy induction
is an effective method to increase the production of secondary metabo-
lites since extract toxicity of diploid andmixoploid plants was different.References
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